Aims: To evaluate the effect of an intervention to reduce work related skin problems in gut cleaning departments in Danish swine slaughterhouses. The intervention consisted of an evidence based prevention programme and a documented method for implementation. Methods: Randomised controlled intervention study with a one year follow up. The intervention included educational activities and evidence based recommendations. The effect of the intervention was evaluated by telephone interviews using a standardised questionnaire based on the Nordic Occupational Skin Questionnaire (NOSQ-2002) with modified and additional questions on exposure, preventive measures, information, and discussions on prevention of skin problems, etc. Results: A total of 644 (87.5%) responded at the baseline interview and 622 (71.6%) at the one year follow up interview. A total of 495 participated in both interviews (67.3%). In the intervention departments the frequency of eczema on hands or forearms within the past three months at follow up was reduced significantly from 56.2% at baseline to 41.0% at follow up, while a slight non-significant increase was observed in the comparison departments (from 45.9% to 50.2%). The intervention activities resulted in more frequent use of protective gloves in general and the use of cotton gloves worn underneath rubber and plastic gloves. At follow up three times as many in the intervention departments used the recommended high fat skin care products introduced as part of the intervention activities. At follow up, discussion of skin problems was increased in the intervention group while no changes were observed in the comparison group. Conclusions: A significant 27% relative reduction of occupational eczema in a high risk group was feasible through implementation of an evidence based prevention programme.
F
or many years occupational skin diseases have been the most frequent recognised work related diseases in many industrialised countries. 1 2 Despite considerable knowledge on risk factors and prevention of occupational skin diseases obtained from clinical, epidemiological, and experimental studies, the eczema frequency in the working population remains high and has even increased in some populations. [2] [3] [4] Occupational skin diseases are often chronically relapsing, 5 they affect workers early in their working age, 3 6 impair their health related quality of life, and the social and economic impacts are often severe. [7] [8] [9] Wet work occupations, such as the healthcare sector and the food processing industry represent major risk groups. 6 A study from Japan made in 1983 found skin symptoms in 65.1% of 527 workers in four poultry slaughterhouse workers: most symptoms were caused by wet work. 10 Different kinds of evidence based prevention programmes have with more or less success been introduced in different occupations. [11] [12] [13] [14] [15] The working conditions in the food processing industry often involve wet work, various skin irritants, allergens (from, for example, foods, soaps, and disinfectants), and high hygienic demands. The work in the gut cleaning departments in swine slaughterhouses is characterised by mostly manual work, where hands and forearms are exposed to water, contents from the guts, gastric juice, salt, and relatively frequent hand washing. During the gut cleaning process gloves easily get wet on the inside and at specific procedures they reduce work speed. Thus gloves are only of limited acceptance. The gut cleaning process in itself does not allow for any considerable reduction of wet work by automation, either now or in the near future.
The purpose of the present study was to evaluate the effect of a one year workplace intervention to reduce work related skin problems in gut cleaning departments in Danish swine slaughterhouses using a randomised intervention study design including both an intervention group and a comparison group. The workplace intervention consisted of an evidence based prevention programme and a documented method for implementation.
The evidence based prevention programme consisted of recommendations on prevention of work related skin problems in wet work occupations. These recommendations were compiled on the basis of prevention programmes published earlier [12] [13] [14] [15] [16] and on a literature study carried out as part of the present project (published in Danish in order to make the tools used available for national occupational health consultants). 17 The final version of these recommendations is shown in box 1.
The methods for implementation were primarily based on a study among wet work employees in old people's homes. 15 After a five month intervention period Held et al showed significant changes in skin symptoms, information level on skin care, and behaviour in the intervention group compared to the control group. No significant difference was observed for self-reported skin problems.
The aim of this paper is to describe the characteristics of the study population and the results, with focus on changes in eczema and use of preventive measures.
METHODS

Study population
The study population included all Danish gut cleaners from 18 swine slaughterhouses, each having a separate gut cleaning department. These departments, which were located in different cities, were organised in one company; their production procedures were similar, but each department was attached to the local safety organisation of the respective slaughterhouse, leading to slightly different safety cultures. The 18 departments had a total of 736 employees in January 2002 and 748 employees in January 2003. A group of 121 persons who were employed in January 2002, but had stopped working in the gut cleaning departments before January 2003, were also included in the telephone interviews at follow up. Figure 1 outlines the number of participants at baseline and follow up divided into the intervention and comparison groups.
The intervention group consisted of six randomly allocated gut cleaning departments; the remaining departments made up the comparison group. The 12 comparison departments included at baseline were reduced to 11 at follow up due to a planned closing down in the study period. Employees from the closed department were transferred to another department in the comparison group.
Non-responders
At baseline 92 employees (12.5%) did not participate in the telephone interview: 40 were not contacted due to absence of telephone numbers, 8 declined, 19 were not reached after several attempts, and the remainder did not participate for other reasons, including language barriers. At follow up 247 employees (28.4%) did not participate in the telephone interview: 81 were not contacted (79 without telephone numbers, one had died, and one had left the country), 51 declined, 79 were not reached after several attempts, and the remainder did not participate for other reasons (language barriers, hospital stays, or left the country). A drop-out analysis on those responding in the first telephone interview but not in the second telephone interview (n = 148) showed that this group were slightly younger and had worked as gut cleaners for a shorter time. No differences in the reporting of eczema within the past three months were observed.
Intervention
The prevention strategy consisted of a two part concept, with an evidence based prevention programme giving recommendations for prevention of work related skin problems in wet work occupations, and a documented method for implementation.
The evidence based prevention programme used in the present study was based on prevention programmes used or published from previous studies, [12] [13] [14] [15] [16] and a literature study on risk factors for occupational skin diseases in wet work occupations. 17 The prevention programme included both recommendations aimed at the management and recommendations on work routines aimed at the employees (see box 1).
The essence of the implementation method was that in order to change habits at the shop floor it is necessary to involve the whole organisation. 18 A local project group with representatives from all levels of the organisation were trained to start the process of establishing an occupational health and safety management system focused on skin risks. The educational programme included both knowledge about the origin of and protection against eczema and the principles of the occupational health and safety managing system. The local project group included 2-5 gut cleaners who afterwards would act as role models, practising skin protection and adequate working routines (that is, embodying good habits) and supervise their colleagues. The educational programme consisted of two full working days with one month in between, and were planned and carried out by a consultant from the Occupational Health Service and a researcher from the National Institute of Occupational Health. The educational activities included lectures, discussions, reflection, homework, and feedback.
Study design
The study was a field study and designed as a randomised controlled intervention study, including both an intervention group and a comparison group.
A one year follow up was chosen in order to eliminate the effect of seasonal variations in both the activity of the skin diseases and the exposures. This also ensured that the intervention was implemented before follow up.
This study was not subject to the ethical committee notification system as no medical procedures were included.
The distribution of the different departments into intervention or comparison group was not announced to the employees until after the baseline interviews. The follow up interviews were carried out after a period of one year (March 2003) . The educational activities were carried out within two months after baseline. Data for the process evaluation were collected at the end of the educational programme, at a 3 N Protective gloves, hand soaps, skin care products, and hand disinfectants should be without known irritant and allergic substances or with lowest possible content of them *Compared to the recommendations included in the prevention programme used in the present study a recommendation on avoiding use of hand disinfectants has been substituted by the recommendation ''When there is no visible contamination of the hands, hand washing can with advantage be substituted by an alcohol based hand disinfectant''. The recommendation ''Use a skin care product before wet and dirty working procedures, if you do not use protective gloves'' was added.
month follow up meeting (ad hoc questionnaires and written procedures), and by structured interviews with members of the local project groups shortly after the follow up telephone interviews were carried out. Results from the process evaluation studying the implementation of the intervention will be reported elsewhere.
Measurements
Both the intervention group and the comparison group were examined by a thorough telephone interview at baseline (March to April 2002) immediately before the intervention activities started and after one year (March 2003). All employees were informed about the project by the local management and received a written introduction explaining the overall set-up, focusing on the anonymity of the employee and that participation was voluntary. It was emphasised that no individual data would be passed on to the management or the Occupational Health Service.
Medical examinations were not conducted in this study as continuous observations could not be performed.
Questionnaire
The questionnaire used for the telephone interviews was based on a standardised questionnaire for investigation of work related skin diseases and exposure-NOSQ-2002, developed by a Nordic working group. 19 20 Stopped n = 79 Figure 1 Flow chart for the intervention study, showing the study population divided into an intervention group, a comparison group, and a group of those who had stopped being gut cleaners at follow up, with time frame and response rates. study is that validation studies have shown self-report hand eczema to be in accordance with dermatological evaluation. Symptom based hand eczema diagnosis in questionnaires can be more sensitive, but has proved more inconsistent compared to self-report hand eczema. 19 20 Questions on work and exposure were trade modified versions incorporating the specific exposures related to gut cleaning. Additional questions on factors such as exposure, preventive measures, safety culture, and knowledge of and discussions on prevention of skin problems were included in order to obtain further information on the implementation and effects of the intervention.
The questionnaire included question sets on background information, eczema, urticaria, skin symptoms, atopy, exacerbating factors, exposure, use of preventive measures (gloves and skin care products), and information on and knowledge about prevention of occupational skin problems.
The Survey Unit at the Institute of Social Research, Copenhagen, Denmark, conducted the telephone interviews and data entry.
The case definition for eczema was: eczema on hands or forearms within the past three months based on questions D1, D2, and D5 in NOSQ-2002.
Statistical analysis
To evaluate the effectiveness of the intervention, different statistical tests were carried out. Most important, key variables like eczema and use of gloves and skin care products were measured before and after intervention and compared using a test for comparing two paired proportions, based on the Normal distribution. 21 The x 2 test was used for testing independence of categorical variables. Probability was recognised as significant if the level of significance was less than 0.05. 21 
22
RESULTS
At baseline a total of 644 (87.5%) employees participated in the telephone interview carried out in March and April 2002. The response rate was 84.7% in the intervention group and 88.9% in the comparison group. At follow up in March 2003 a total of 622 (71.6%) participated in the telephone interview. Among the 748 employees working in the gut cleaning departments at follow up, 520 (69.5%) participated in the telephone interview, 74.1% in the intervention group and 67.4% in the comparison group. Among the 121 who had stopped working as gut cleaners between baseline and follow up, 102 (84.3%) participated in the follow up interview (see fig 1) . A total of 495 participated in both interviews (67.3%).
Characteristics of the study population divided into intervention group, comparison group, and the group who had stopped working as gut cleaners are shown in table 1. In general two thirds were men and two thirds were below 40 years of age; only minor differences between the intervention group and the comparison group were observed. At follow up fewer in the intervention group and more in the comparison group were above 40 years of age (not significant).
The time working as a gut cleaner was nearly the same in the intervention group and the comparison group (11.3 and 12.6 years) but was only 5.0 years among those no longer working as gut cleaners (p , 0.001). Compared to the participants still employed in the gut cleaning departments at follow up, twice as many in the group no longer employed had been working as a gut cleaners for less than four years (71.4%), and only 8.9% had been working as a gut cleaners for more that 10 years (p , 0.05).
No significant differences between the groups were seen for self-reported lifetime prevalence of atopic dermatitis, hay fever, and asthma. On average 13.9% reported having had atopic dermatitis (Question S5a from NOSQ-2002) compared with 9.1% among the group no longer working as gut cleaners. Hay fever and asthma were reported by 19.1% and 10% respectively, with a slightly higher frequency among those no longer working as gut cleaners (24.5% and 14.7%).
Eczema
At baseline 66.8% reported having had eczema on hands or forearms within the past year and 50.7% within the past three months. All results presented in the following are combined figures for eczema on hands or forearms as more than half of those with eczema within the past three months stated that they have had eczema on both hands and forearms.
Despite the random allocation of departments to the intervention group and the comparison group, a significant difference in frequency of eczema on hands or forearms within the past three months was observed at baseline, with 58.9% in the intervention group and 46.5% in the comparison group (p , 0.01). The eczema frequency in each department varied from 37.5% to 68.6% without the difference being significant, and among the comparison departments the eczema frequency varied significantly from 34.9% to 69.4%. Further analysis revealed that at one of the comparison departments, the use of gloves was more frequent; if this department was left out of the analysis, the differences in the frequency of eczema between the remaining comparison departments were no longer significant. A total of 495 employees participated in both the baseline interview and the follow up interview. Based on information from the follow up interview this group could be divided into an intervention group (136 persons), a comparison group (280 persons), and a group no longer working as gut cleaners (79 persons). The following results on the effect of the intervention activities and changes from baseline to follow up are based on those participating in both interviews.
In the intervention group the frequency of eczema on hands or forearms within the past three months was 56.2% at baseline and 41.0% at follow up. This relative reduction of 27.0% was highly significant (p , 0.005) (see table 2 ). For the comparison group a minor non-significant increase from 45.9% at baseline to 50.2% at follow up was observed. For the group no longer employed as gut cleaners the eczema frequency was significant-a relative reduction of nearly 70% (from 60.3% at baseline to 18.2% at follow up; p , 0.005). Among those in the intervention group reporting eczema at baseline, 53% reported eczema at follow up and 47% reported no eczema at follow up; among those with no eczema at baseline, 25% reported eczema at follow up. For the intervention group, 67% of those with eczema at baseline reported eczema at follow up and 33% no eczema; 37% with no eczema at baseline reported eczema at follow up. Among those who had stopped working as gut cleaners at follow up, 22% reported eczema both at baseline and follow up, 78% had cleared eczema at follow up, and only 10% with no eczema at baseline reported eczema at follow up.
Changes in eczema frequency from baseline to follow up divided into the single departments in the intervention group and the comparison group are illustrated in fig 2. In the intervention group, four of six departments had a significant reduction from baseline to follow up (p , 0.001, p , 0.01, and p , 0.05). For the two remaining intervention departments and all the comparison departments the changes from baseline to follow up were not significant.
Preventive measures
Questions on the use of gloves were included in both interviews. At baseline about 40% reported present use of gloves at work with no significant differences between the intervention and the comparison group. From baseline to follow up the use of gloves increased to 47.1% in the intervention group and decreased to 37.5% in the comparison group, but these changes were not significant. At follow up the glove use in the intervention departments were significantly higher than in the comparison departments (see table 3 ).
Use of cotton gloves under rubber or plastic gloves was one of the preventive measures introduced. At follow up a significant increase of almost five times in the use of cotton gloves under protective gloves was reported from the intervention group. A more moderate but still significant increase was reported from the comparison group (see table 3 ).
Questions on the use of skin care products were also included in both interviews. The intervention activities caused the company to introduce a better selection of skin care products with high content of petrolatum for both the intervention and the comparison departments. Thus questions on changing skin care products within the past year were included in the follow up interview. At baseline, 60.0% of the employees reported use of skin care products at work; the frequency was significantly higher in the intervention group (69.1%) than in the comparison group (55.0%) (p , 0.05). At follow up the use of skin care products increased in both groups, although it was still significant more frequent in the intervention group (72.1% and 60.2% respectively; p , 0.05) (see table 4 ).
In the intervention group 80 persons used skin care products, both at baseline and at follow up; at follow up 14 had stopped and 18 were new users. For the comparison group, 126 persons used skin care products both at baseline and at follow up; at follow up 28 stopped and 42 were new users. This suggests that it may be a matter of which skin care products the employees are using. At follow up about three times as many in the intervention group reported having changed skin care products within the past year (35.9% in the intervention group; 13.0% in the comparison group; p , 0.05). When asked specifically about use of the new skin care products added to the company supply, two of the three products were used significantly more frequently in the intervention departments.
Questions on information and discussions on prevention of skin problems in the workplace were included to provide a measure on changes in the awareness of the topics included in the intervention activities. At baseline, 55.2% reported that they had previously received information on the prevention of skin problems; this was more frequent in the intervention Table 3 Self-reported use of protective gloves and cotton under-gloves at baseline and follow up (3) n.r. 9.6% (37) n.r. Relative change % +465.2% (p,0.001)À +59.1% (p,0.05)À n.r. n.r.
Changed glove type the last year n.d. 13.5% (13) 
Where appropriate, results expressed as % (number). *Significant difference between intervention and comparison and ''stopped as gut cleaners'' (p,0.05).
ÀSignificant difference between baseline and follow up. n.r., not relevant. n.d., no data; the question was not included in the baseline survey.
group than in the comparison group (60.3% and 52.9%; not significant). At follow up a significantly higher number in the intervention group (76.1%, p , 0.01) than in the comparison group (62.3%) reported that they had received information on the prevention of skin problems (see table 5 ). Although a significant increase (p , 0.005) was observed in both groups (26.2% and 17.8% respectively), this was only reflected in the eczema frequency in the intervention group. On average, 56.3% reported that prevention of skin problems was discussed in the workplace at baseline, with only a minor difference between the intervention group and the comparison group. At follow up this was increased by 40% in the intervention group (p , 0.005), with no change in the comparison group (see table 5 ). Thus the question ''Are skin problems discussed at your workplace?'' may be a better tool to measure activities and reflection initiated at the workplace as a result of the intervention activities; that is, this question can be seen as an indicator for implementation of the intervention activities.
DISCUSSION
The overall result from the present study was a significant 27% relative reduction in the number of cases of self-reported eczema on hands or forearms within the past three months in the intervention group; thus the frequency of eczema was reduced from 56.2% at baseline to 41.0% at one year follow up. Several preventive habits included in the intervention activities, such as use of gloves and use of more suitable skin care products, were improved in the intervention group. The group no longer working as gut cleaners at follow up can be seen as ''an internal comparison group''-exposed at baseline and not at follow up. The eczema frequency in this group was reduced from 60.3% to 18.2%, a level comparable to the 13% seen among a representative sample of Danish wage earners. 3 4 The response rates were 87.5% at baseline, 71.6% at follow up, and 67.3% who participated in both interviews, which were considered to be satisfactory. The response rates were comparable in the intervention group and the comparison group, although slightly lower at follow up in the comparison group, possibly due to the lack of intervention activities in this group.
The observed differences in the eczema frequency within the comparison group at baseline seem to be due to differences in the use of gloves in a single comparison department. When controlling for this factor, the difference between the comparison departments was no longer significant.
The use of questionnaires only for assessing the eczema frequency is a limitation of the present study; no clinical examinations were included. However, a higher response rate could be expected by using questionnaires and telephone interviews compared to inviting participants from geographically spread departments with shift work to attend clinical examinations. Furthermore, use of questionnaires allows for collection of additional data on exposure and preventive measures. As the same questions have been used at baseline and follow up, and in both the intervention and the comparison groups, the possible error is limited.
The effects of the intervention were evaluated by telephone interviews using a standardised questionnaire based on the Nordic Occupational Skin Questionnaire (NOSQ-2002) with modified and additional questions on exposure, preventive measures, and knowledge of prevention of skin problems. The relevance and validity of the use of self-reported eczema and questionnaires in skin disease epidemiology have been explained and discussed in the publications by the Nordic Occupational Skin Questionnaire Group, which developed NOSQ-2002. 19 20 Results from validation studies indicate that data from questionnaires are more likely to underestimate than overestimate the true prevalence of hand eczema. Furthermore, in a recent study, clinical validation of questionnaire data on dermatitis showed that for all participants reporting a current skin problem, this was confirmed. Among those not reporting skin problems (the false negatives), mainly milder cases were found. 23 Self- Results expressed as % (number). **Significant difference between intervention and comparison and ''stopped as gut cleaners'' (p,0.01).
ÀSignificant difference between baseline and follow up. n.r., not relevant.
reported eczema was preferred to a symptom based eczema definition, as studies have shown this to be more consistent with clinical examinations when made with questions comparable to those used in the present study. [24] [25] [26] [27] A strength of the present study is that in contrast to other intervention studies carried out in wet work occupations, this study was designed with a one year follow up. Primarily the one year follow up was selected to eliminate the effects of seasonal variations in skin diseases activity and exposure. The second reason for the one year follow up was to make sure that the intervention activities were implemented at least three months before the follow up interviews were carried out.
The present intervention study is a field study with a study design close to real world conditions-that is, the number of intervention departments and the duration of intervention activities were adjusted to a level accepted by the company management, which paid for all work time expenses. The only expenses covered by the research project budget were additional costs for effect evaluation, development of the educational programme, and the time used by the consultants from the research team. Thus, the company management's willingness to pay can be seen as an indicator of motivation to support and implement the intervention activities.
The effect modifying influence of investigators being present at the workplaces can be regarded as minimal in this study as the intervention activities where the researchers were present at the workplaces only involved members of the local project groups. The personal interviews collecting data for the process evaluation were conducted after the follow up telephone interviews were carried out. All other data collection was similar for the intervention group and the comparison group.
Evidence based prevention programmes should be continuously revised and improved in order to include new scientific results. Based on experiences from the intervention activities, the process evaluation, and the results presented in this paper, the recommendations in the prevention programme introduced at the workplaces concerning the use of disinfectants and the application of skin care products were revised (see box 1).
The study group is obviously a high risk group for hand eczema. A similar relative reduction of eczema might not be achievable in groups with a lower risk. In groups with a different tradition of skin prevention at baseline, the intervention might lead to results differing from ours. But it is remarkable that work related skin problems can be reduced by proper preventive measures, although the working conditions in the gut cleaning departments for most of the employees imply nearly full time exposure to wet work, skin irritants, and relatively high hygienic demands, with minimal possibility to reduce the exposure. N Prevention programmes should be revised on a regular basis to include the latest scientific results.
